aldehyde. The OTA reaction involves an a-ketoglutarate-glutamate interconversion, and pyridoxal phosphate is required as a cofactor (21) . In vivo, OTA is effective mainly in the direction of glutamic-'y-semialdehyde (11, 21) . The enzyme is inducible by arginine and to a lesser extent by omithine (2) . OTA appears to have its major role as the second enzymatic step in arginine catabolism, the first being arginase (13) . A biosynthetic role for OTA in ornithine synthesis from glutamic-'y-semialdehyde was once considered (4, 19, 20) , but the question was never definitively resolved.
The isolation and analysis of mutants lacking OTA, reported in this and the following paper (8) , allow us to understand more thoroughly the role of this enzyme.
Our work depends upon an unusual gene interaction. Mutations blocking ornithine synthesis, such as arg-S, wiJl use ornithine at less than 10-3 M as a precursor of arginine (16) . This shows that exogenous ornithine can be used in the anabolic ornithine transcarbamylase (OTC) reaction, as well as in the OTA reaction. A mutation of the structural gene for OTC, arg-128, has long been known. Of itself, arg-128 creates no nutritional requirement, even though it imposes a 40-to 50-fold reduction in OTC activity, and a 5-to 10-fold increase in the Km of the residual enzyme for ornithine (5, 6) . The normal growth rate of the arg-128 single mutant in minimal medium (5, 8) proves that it utilizes endogenous ornithine adequately for citrulline synthesis.
[Completely OTC-less mutants, allelic to arg-128, are absolute requirers of citrulline or arginine (9) .] The double mutant arg-S, arg-128, however, is unable to grow at all on exogenous ornithine at concentrations less than 0. (15) .
The minimal medium N of Vogel (18) , supplemented with 1 Mutant selection. A heavy suspension of arg-5, arg-128 conidia (about 107 per ml) was irradiated in a petri dish with an 8-w germicidal ultraviolet lamp at a distance of 15 cm for 1 min. The survival was approximately 50%. An 0.1-ml sample of the irradiated suspension was plated on selection medium containing 100 jug of L-ornithine HCI per ml. Parental material failed to germinate; rare colonies which appeared after the first day were isolated by transfer to ornithinesupplemented slants. The transfers were purified by two successive single conidial isolations from ornithinesupplemented plates.
Growth. Growth tests were done in 50-ml Erlenmeyer flasks containing 10 ml of liquid medium. They were inoculated lightly with conidia and allowed to grow for 3 days at 30 C. Mycelia were harvested with a spatula, oven-dried on filter paper, and weighed.
Material for enzyme determination was grown in 200-ml logarithmic cultures, inoculated heavily with washed, filtered conidia (105 to 106 per ml of medium), and aerated by vigorous bubbling with a hydrated air line at 25 C. When aconidial strains were grown, aerial hyphae from agar cultures were suspended, ground in a blendor, washed by centrifugation, and introduced into the culture media. Mycelia were harvested after 10 to 15 hr [0.3 to 1.5 mg (dry weight) per ml of medium], washed on a Buchner funnel on Whatman no. I filter circles, and dried quickly by passing acetone (reagent grade) through the moist pad as aspiration continued. Pads could be stored at -20 C prior to assay of OTA and OTC. Assay of OTA (L-ornithine:2-oxoacid aminotransferase, EC 2.6.1.13) . Acetone-dried pads of mycelia (100 mg) were extracted in glass tissue grinders in 4 ml of 0.05 M K+ phosphate buffer, pH 7.5. The homogenized mycelium was centrifuged at 10,000 X g for 20 min, and the supernatant fraction was passed through a short column of Sephadex G-25 to remove small molecular weight materials. The assay mixture contained, in a total volume of 1.5 ml: 20 Amoles of L-ornithine HCl, 20 ,umoles of x-ketoglutarate, 1 /Amole of pyridoxal phosphate, 1.2 mg of o-aminobenzaldehyde (dissolved in 20% ethyl alcohol), and 100 ,umoles of K+ phosphate buffer, pH 7.5. Reactions were started with the addition of extract (0.1 to 0.4 mg of protein) and were stopped, after 30 to 60 min at 37 C, by adding 1.5 ml of 30% HC104 . The yellow color of the o-aminobenzaldehyde-Al-pyrroline-5-carboxylate complex was measured in a Klett-Summerson colorimeter with a no. 42 filter. (The pyrroline compound is the cyclized form of glutamic-^y-semialdehyde.) The appearance of color was linear with time and enzyme concentration within the limits used here, and was wholly dependent upon ornithine and a-ketoglutarate. All data were initially collected in terms of Klett units as read directly from terminated (3.0 ml) reaction mixtures. Transformation of data to micromoles was made with a sample of authentic Al-pyrroline-5-carboxylate, kindly provided by H. J. Strecker, and the millimolar extinction coefficient, Assay of arginase (L-arginine ureohydrolase, EC 3.5.3.1) . Acetone-dried mycelial pads (100 mg) were extracted immediately after harvest in 5 ml of 0.025 M glycine-NaOH buffer, pH 9.5, which was 0.1 M in KCI and 5 X 10-4 M in MnCl2 (13) . After high-speed centrifugation, the supernatant fluids were passed through columns of Sephadex G-25 equilibrated with the same buffer. Extracts were stable indefinitely at -20 C after Sephadex treatment. Rate-limiting amounts of extract were assayed in 37 C in 1 -ml reaction mixtures containing 25 ,mnoles of glycine-NaOH buffer, pH 9.5, 0.25 ,umole of MnCl2, and 50 ,umoles of L-arginine HCI (pH 9.5). Reaction mixtures were incubated for 5 min, and were stopped by the addition of S ml of 5% trichloroacetic acid. Ornithine, a product, was determined according to Chinard (3) The OTC activities of wild type, of arg-5, arg-128, and of arg-5, arg-128, UM-728 were compared in detail. The low activity of this enzyme and its low affinity for omithine associated with the arg-128 mutation are found in both the double and the triple mutants (7) . The ability of the triple mutant to use ornithine cannot, therefore, be attributed to changes in these parameters of the OTC reaction. These observations are consistent with the finding that UM-728 is distinct from arg-128 genetically.
OTA activity was then investigated. A comparison of wild type, the original arg-5, arg-128 strain, and the arg-5, arg-128, UM-728 derivative showed that the last lacked detectable activity (see Table 4 ).
The OTA-deficient triple mutants failed to VOL. 96, 1968 Fifteen asci from the cross of the triple mutant to wild type were dissected. All asci were consistent with a 2:2 segregation of the UM-728 mutation among the meiotic products (spore pairs). The analysis of one ascus, in which UM-728 appears in an otherwise wild-type genome, is illustrated in Table 2 . The arg-S, the arg-12, and the UM-728 alleles were identified by nutritional requirement, OTC assay, and OTA assay, respectively. The use of ornithine as an arginine precursor or nitrogen source by each genotype is also shown. The genotypic designations of spore pairs 1 (UM-728) and 2 (UM-728+) were further confirmed by crosses of each to arg-S, arg-125. Strains which carried arg-5 and arg-128, and which were able to use ornithine as an arginine precursor, could be found only among the progeny of spore pair 1. The UM-728 mutation was mapped genetically. In an initial cross with the alcoy strain, UM-728 displayed linkage to the visible marker yellow, indicating that UM-728 was either on linkage group IIIR or on VIL. Crosses to other mutant strains indicated linkage of UM-728 to tyr-I and ad-4, on IIIR. A three-point cross (Table 3) showed that UM-728 lies midway between tyr-J DIscussIoN The results indicate that OTA, a catabolic enzyme, prevents competitively the use of exogenous ornithine as an arginine precursor in the arg-S, arg-12" strain. Direct selection for ornithine-utilizing derivatives of the double mutant, therefore, yields many OTA-deficient strains. In all such derivatives, the enzyme deficiency is attributable to a single-gene mutation, and all OTA mutations selected in this way are allelic, or are closely linked on linkage group III. Arginase, the first enzyme in the catabolic sequence in which OTA is found, is normal in all mutants. It is probable that the mutations leading to the OTA deficiency are of a structural gene nature, although immunological methods or kinetic studies of partially deficient enzymes would be necessary to decide this point. The locus defined by these mutations is here designated ota.
In addition to ota mutants, two mutants of another type were found. Both permitted ornithine utilization as an arginine precursor in the arg-S, arg-128 background, and both led to an aconidial phenotype. Crosses between them were infertile. The OTA, arginase, and OTC activities of these strains were normal. One of them was found to be 5 to 10 map units distant from ota on the same linkage group. No locus symbol has been applied to these mutants.
The vigorous prototrophy of ota mutants, which is critically assessed in the following paper, shows that OTA is not an indispensable biosynthetic enzyme. A similar conclusion applies to the low levels of OTA found in Escherichia coli (14) . Because OTA is shown to have no necessary role in arginine biosynthesis in these very different organisms, a definitive evaluation of the role of OTA in vertebrates will be of interest to the comparative biochemist.
